To investigate the relations of attendance of children in an after-school physical activity (PA) program to changes in body composition and cardiovascular fitness (CVF). DESIGN: Eight-month after-school PA-based intervention. 
Introduction
Childhood overweight and obesity is emerging as a major global health concern. The percentage of overweight children in the United States aged 6-11 y has increased from 5% in 1970 to 7% in 1980 to 11% in 1994 to over 15% in 2002. 1 Ogden et al 1 concluded that over 30% of children are at risk for overweight (greater than the 85th percentile for gender and age) or overweight (greater than the 95th percentile for gender and age; The Center for Disease Control and Prevention (CDC) criteria). Furthermore, being at risk for overweight or overweight is disproportionately distributed among ethnic and racial minority children. 2, 3 Unfortunately, the problem of increased prevalence of at risk for overweight and overweight is not isolated to the United States. International Obesity Task Force (IOTF) data taken from different years following 1990 indicate that 10% of schoolaged children worldwide are at risk for overweight (425 kg/m 2 body mass index (BMI)) or overweight (430 kg/m 2 BMI; IOTF criteria). 4, 5 For example, in southern Europe, a recent study showed that 19-36% of school-aged children were at risk for overweight. Data from the North Africa, Eastern Mediterranean and Middle East regions suggest that rates of at risk for overweight and overweight have doubled in the last 1-3 decades, 5 despite the prevalence remaining lower than in Europe and North America. The striking increases in obesity have predictably led to increases in a number of the comorbidities associated with childhood and adult obesity. Olshansky et al 6 predicted that the rising prevalence of childhood overweight will reverse the increases in the human life span realized over the past century and will reduce overall life expectancy by as much as 8 months. Hypertension, noninsulin-dependent diabetes and fatty liver disease were once rarely seen in the general pediatrician's office; now these diseases are frequently observed among the growing number of overweight children. Central fat accumulation is associated with increased risk of hyperlipidemia and is also frequently seen in overweight children. 7 A school-based screening of over 5000 American children (13.571.7 y old) showed that 11% of overweight children were hypertensive. 8 The Bogalusa Heart Study demonstrated that overweight children aged 5-17 y had adverse levels of total cholesterol, low-density lipoprotein cholesterol, high-density cholesterol, triglycerides and blood pressure compared to normal weight children. 9 Altogether, CDC estimate the economic impact of obesity and obesityrelated diseases in the United States to be $117 billion annually. 10 The efficacy of physical activity (PA) to elicit positive changes in cardiovascular risk factors has been established and is widely accepted. 11, 12 However, if PA is to be prescribed to elicit positive changes in the cardiovascular risk profile, it is important to understand the dose-response relationship between PA and cardiovascular risk factors. Unfortunately, little evidence for this relationship can be found for children. For adults, the evidence for a dose-response relationship between PA, cardiovascular fitness (CVF) and osteoporosis is clearer, if not conclusive. Randomized trials showed a dose-response relationship between the volume of exercise (expressed in METs) and CVF (quantified as VO 2 MAX ). 13 The dose-response relationship between the intensity of PA and the change in CVF is also consistent. There exists fairly strong evidence for a dose-response relationship between the total volume of weekly PA, the intensity of PA and CVF in adults. 13 With respect to obesity, weight loss due to PA interventions has been related to reductions in total fat in a dose-response manner, for both short-term (o16 weeks) 14 and long-term studies (46 months). 15 Despite a demonstrated relationship between PA and a reduction in abdominal fat, the current knowledge is insufficient to suggest a dose-response relationship similar to that seen with total body fat. Finally, a review of studies examining the evidence for causal relationships between PA and osteoporosis reported that vigorous PA (VPA), not moderate PA (MPA), can increase bone mineral density (BMD) (specifically at the loading site), with a threshold for this effect at approximately 70% VO 2 MAX . 16 Unfortunately, a dose-response relationship could not be established for BMD. While results in adults are beginning to paint a clear picture with respect to dose-response issues, the optimal dose of PA to enhance body composition and CVF is unclear in children. Much of what has been applied to children has come from adult studies, which suggest that beneficial changes in CVF and adiposity can be achieved by MPA. For adults, MPA is defined as PA of sufficient intensity to maintain ones heart rate (HR) between 120 and 150 beats per minute (bpm). 17 However, VPA (150-180 bpm) may be especially effective in reducing adiposity due to the increased total energy expenditure and lipid oxidation both during and after completion of a VPA compared to an MPA session. 18 Furthermore, VPA may be more effective in improving CVF, thereby increasing children's tolerance to all types of PA and allowing greater increases in total energy expenditure. 19 We have demonstrated that PA is linked to body composition, CVF and some cardiovascular risk factors, substantiated by nonexperimental and experimental studies in children. 18 For example, we reported that increased VPA was significantly associated with lower levels of body fat, while both MPA and VPA were significantly related to CVF in 14-to 17-y-old African-American and white youths. 20 We also showed in three separate PA intervention studies ranging from 4 to 10 months, that subjects had significant improvements in percent body fat (%BF), BMD and some CVD risk factors. [21] [22] [23] [24] [25] [26] These PA programs were offered to subjects 5 days a week.
The average attendance rate in these programs ranged from 50 to 80%. In this paper, we report the results of post hoc analyses of data from the subjects assigned to the intervention condition from the first year of the Medical College of Georgia (MCG) FitKid Project. 27 We present the dose-response results showing a linear trend for the relations of program attendance to changes in body composition and CVF. As the results are based on post hoc analyses of attendance rate, rather than a random assignment to different frequencies, this study is descriptive rather than experimental in nature. Nonetheless, the results are consistent with the hypothesis that greater frequency of moderate and vigorous PA (MVPA) will lead to greater improvements in cardiovascular health.
Methods

Design and subjects
The rationale, design and description of the intervention for this study are presented elsewhere. 27 In brief, the MCG FitKid Project is a 3-y multicomponent after-school PA intervention study. In all, 18 schools were randomly assigned to intervention or control conditions. There were no significant differences on primary study outcome variables between subjects in the intervention and control condition at baseline. We retained 92% of the study subjects (88% intervention and 96% control) during the first year of the study. For the present paper, we included only 278 subjects assigned to the intervention condition at baseline for whom we had data at baseline and post-test. Subjects received up to $50 for their participation in data collection. The study protocol was approved by the Human Assurance Committee at the MCG, and subjects and their parents signed informed consent forms.
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The after-school program The after-school program was offered to all subjects in nine intervention schools free of charge 5 days/week during the regular school year (approximately 8 months). The 120-min daily session consisted of a healthy snack, academic assistance and a developmentally appropriate PA program. Sessions were mostly taught by certified physical education and subject area teachers, teacher aids and paraprofessionals from the intervention schools. Students were transported home at the end of the program on school buses. The mean attendance rate for the intervention sessions was 49% (approximately 2.5 days/week). The PA lasted approximately 80 min per session, which was divided into 20 min for warm-up and skill instruction, 40 min for continuous MVPA and 20 min for cool-down, stretching and calisthenics. The target HR for the 40-min MVPA was 140 bpm. To achieve this HR goal, we used a variety of games and sport drills that were modified to keep subjects moving continuously; the protocol was also implemented in such a way as to reduce transition time between activities. During the 40 min of MVPA, instructors used three to four different fun activities to maintain interest. Five subjects were randomly selected to wear an HR monitor each day. On average, subjects achieved an HR of 149 bpm (70% of maximum HR) during the full 80-min PA. This HR provides strong evidence that subjects engaged in MVPA.
Measures
All data collection took place on school grounds during school hours. A detailed description of data collection is presented elsewhere. 27 Only measures relevant to this paper will be described here. Body composition was assessed by dual-energy X-ray absorptiometry (DXA; Hologic QDR-4500W, Waltham, MA, USA); measures of %BF, fat mass (FM), fat-free mass (FFM) and BMD were obtained. 25, 26 Weight (by scale) and height (by stadiometer) were measured twice and the averages used to calculate BMI. Waist circumference (WC) was measured twice at the narrowest point of the trunk and the average was used. 28 The measurement of WC is different from the method used by the World Health Organization, which is measured at midway between the lowest rib and the iliac crest. 29 CVF
was assessed by HR/min at the completion of the YMCA submaximal bench-stepping test. 30 Program attendance rate was determined as the number of sessions attended divided by number of sessions offered during the 8-month intervention. 
Statistical analysis
Results
The average age of the 278 subjects in this subset was 8. Table 1 displays the descriptive statistics for all subjects in the intervention condition at baseline. It is worth noting that white subjects had higher %BF than African Americans, while girls were less fit than boys.
Results of the planned contrasts of ANOVA are shown in Table 2 . There was a significant negative linear trend between level of attendance in the after-school program and change in %BF and FM; there was also a significant negative linear trend between program attendance and change in the HR response to the stepping test. There was a marginally significant linear trend between program attendance and FFM (Po0.096). In other words, greater decreases in %BF and FM and greater increases in CVF were depicted in Figures 1,2 and 3 . On the other hand, greater increases in BMD were observed with higher program attendance. However, changes in BMI and WC were not observed with higher program attendance. The relations between the changes in %BF, BMD, and CVF and program attendance rate are also influenced by program attendance.
The descriptive data for the subjects and changes of the outcome variables for the two treatment groups are presented elsewhere. 31, 32 In brief, compared to subjects in control schools, we found significant favorable changes in %BF, BMD and CVF in subjects who attended at least 40% of the program sessions offered. At baseline, there was no significant difference on primary or secondary study outcome variables, race, sex and SES between subjects with less than 40% attendance (n ¼ 85) and subjects with 40% or higher attendance, or between subjects with less than 40% attendance and subjects in the control group.
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Discussion
There is sparse information on the dose-response relation between the amount of PA and change in body composition and other CV risk factors in youths. Experimental studies examining dose-response are very expensive to conduct and seldom done. Using a subset of the data, we observed a statistically significant linear trend between attendance in the after-school program and four study outcome variables (%BF, FM, BMD and CVF). Since there is limited data available to base PA dose recommendations for youths, findings from this study are relevant, and suggest that greater health benefits can be obtained in young children with more frequent participation in PA. The most profound changes were found in subjects with 60% attendance or higher, which is equivalent to 3 days or more of participation in MVPA. Program attendance rate was not associated with BMI or WC. Most previous intervention studies of nonoverweight young children have been unable to produce significant reductions in BMI and WC, or a dose-response to PA. 33 This may be related to the fact that, compared to more simplistic measures, DXA provides more sensitive information on three compartments of body composition (ie FM, FFST and BMC), as well as the important derived variables of BMD and %BF. In contrast, BMI and WC do not distinguish among these different body compartments. As we found in this analysis, FM and FFM tended to change in opposite directions in relations to the different doses of PA.
Results from this study should be interpreted with caution. First, the findings were based on data from the first year of a 3-y study. The observed relationships need to be replicated with data from the next 2 y. Secondly, this study was not designed to test 'dose-response' effects; attendance was used as an indicator of dose in this study. We were also not able to obtain reliable data on PA of subjects with low attendance, who may have been taking part in other after-school PA programs. However, it is unlikely that subjects in our study participated in much PA after school since there were very limited free PA programs offered by schools and other agencies in the community. Additionally, because 68% of the subjects were classified as low SES, it would be financially difficult for them to attend paid after-school programs. 34 We previously found that students from low SES families were more likely to live in unsafe neighborhoods and to have no access to safe facilities. 27 There are numerous published recommendations for PA in children (eg United Kingdom Expert Consensus Conference, NASPE, National Council on Nutrition and Physical Activity in Norway, World Health Organization, Australia Department of Health and Aging, Public Health Agency of Canada) at this time, with most organizations calling for at least 60 min of MVPA, most days of the week. [35] [36] [37] [38] [39] [40] Understanding the dose-response effect of PA on health outcomes, particularly overweight, in children is crucial in our effort to prevent overweight and its health consequences. Randomized clinical trials are needed to fully investigate the appropriate doses of PA to achieve beneficial health gains. Attention should also be given to the dose required for children of different levels of overweight and fitness since one-third of US children are already overweight or at risk for overweight. 
